The adsorption properties of newly developed 188Re complexes with aminomethylenephosphonate (amp) (EDTMPEthylenediamine-N,N,N',N'-tetrakis(methylenephosphonic acid), EDBMP -Ethylenediamine-N ,N'-bis(methylenephosphonic acid) and NTMP -Nitrilotris(methylenephosphonic acid)) on hydroxyapatite was investigated . The adsorption of 188Re complexes was strongly affected by pH and ionic strength in a solution. The adsorption coefficient (ml/g), which is defined by the ratio of the concentration of the complex per unit weight of the hydroxyapatite to the concentration in unit volume of the solution, increased with decreasing pH and ionic strength . These observations suggest that one of the causes of the adsorption of 188Re-amp is considered to be the electrostatic forces between the negative 188Re-amp complex and the positive HAP surface . The adsorption affinity of the 188Re -amp complex for HAP increased in the order of 188Re -EDBMP<188Re-NTMP<188Re-EDTMP . Furthermore, the adsorption coefficient of carrier-free 188Re-EDTMP was larger than that of carrier-added one under the same conditions. From a detailed comparison of the effect of the Re carrier concentration on the adsorption coefficient of 188Re-EDTMP with its structural analysis by HPLC, we concluded that the Re carrier effect on the adsorption coefficient was caused by the different distribution of the components in the 188Re-EDTMP mixture between the carrier-free and the carrier-added complex.
. In this paper, we describe the adsorption properties of the newly developed 188Re complexes with aminomethylenephosphonate on hydroxyapatite, which is the major constituent of the hard tissues of bone. The influence of the shaking time, pH and ionic strength on the adsorption was investigated from fundamental aspects. The difference in adsorption properties between carrier-free (cf-) and carrier-added (ca-) 188Re-EDTMP was also studied. Figure  3 . It was Figure 3 . Chemical species during the adsorption experiment using carrier-free 188Re-EDTMP (pH 3.5-3.6, HAP 100 mg, I=1.0). less than 3-4% even after 24 hours. Furthermore, no adsorption of perrhenate to HAP was observed. A plot of the concentration of 188Re-EDTMP in the adsorbent against that in the solution indicated a linear isotherm as shown in Figure 4 . Linearity of the plot is equivalent to the constant adsorption coefficient in the range of the complex concentration in this experiment.
The influence of pH and ionic strength on the adsorption coefficient was investigated. Figure 5 showed the influence of pH on the adsorption coefficient. The adsorption coefficient increased with decreasing pH. This result is consistent with the adsorption behavior of 99mTc(Sn)pyrophosphate on Ca3(PO4)2.31 It was observed that the adsorption of 99mTc(Sn)pyrophosphate at pH 4 .0 was higher than at pH 7.4.
The pH influenced the charge of surface (zeta potential) of HAP. The surface of HAP is heterogeneous, with both positive and negative charge, but with the charge density dependent on pH. When pH is higher than point of zero charge (pzc), the zeta potential is negative and the negative charge on the HAP surface will dominate; when pH is lower than pzc, the zeta potential is positive and the positive charge on the HAP will dominate. The pzc on HAP has been found to lie between pH 6.4 and 8.5.37-41 Therefore, the charge of HAP in the pH range (3-4.5) of the present study will be positive because the pH was lower than the pzc. Taking into consideration that the 188Re -amp complexes had negative charges analyzed by electrophoresis,35 one of the causes of the adsorption of 188Re-amp is considered the electrostatic forces between the negative 188Re -amp complex and the positive HAP surface . Figure 6 showed the influence of ionic strength on the adsorption coefficient. The adsorption coefficient decreased with increasing ionic strength. These results also show that the adsorption is mainly electrostatic. That is, it is conceivable that the adsorption coefficient decreased due to the electrostatic shielding effect and to the competitive adsorption between them by adding NaCI.
The comparisons of the adsorption coefficient of the B88Re-amp complexes are shown in Figure 7 . The adsorption coefficient increased in the order: 188Re-EDBMP<188Re-NTMP <188Re-EDTMP under the same conditions. However, it is thought that the adsorption coefficients of the 188Re-amp complexes are also influenced by the excess aminomethylene- Figure 6 . Influence of ionic strength on the adsorption coefficient of 188Re -EDTMP (pH 3 .6, HAP 100 mg, 24 h). 
